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NEW TECI~~IQtJE FOR MA~~NG THIN HORIZONTAL INJECTION FOUNDATIONS

By Engineer Joach.im H. Bttttner , Nederborst Grundtecbnik Goud.a , The Netherlands

1. Introduction ‘

In recent years we can detect a definite tendency toward ever larger and
thus frequently also deeper and deeper structures. The excavation of large—
area and deep constri.,ction pits, pr imarily in population concentration areas,
creates difficult requirements for planners and for the underground construc-
tion companies that do the job.

One of the problems encountered in this connection deals with the mastery
of underground water subsidence . Here , the installation and maintenance of
the ground water subsidence systems mostly plays only a subordinate role .
The emphasis however is on phenomena deriving from the frequently widespread
underground water level drop . Underground water level drops of up to 10 a
(where water voli.~ es of 1,500—2,000 m3/lw are by no means rare) can cause
serious settlement 1~ mage to structures in the immediate and. broader surround—
jugs. In areas near the coast, we also have the pumping of brackish , gradually
more salt—containing underground water which, because of environmental pro-
tection regulations, must not be dumped into surface water s (Figure 1).

FIGU RE NOT REPRODUCIBLE

Figure 1. Part ially excavated construction pit , ABN [abbreviation unknown )
Computer Center, Amstelveen (Aerophoto—Schiphol).

To the extent that there is no natural , adequately thick layer, such
• as clay or marl, available at suitable depths, such a sealing layer can

today be made artificially by means of injections , using present -day equip-
ment.
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These injection foundationa.-..mostly on a base of silicate gels
I si.licage.l3—reduce the permeability, for example , of a medium sand, down
to 1/1,000 of the original value. Because of this it is possible either
entirely to prevent the underground water level drop outside the construction
pit or to keep it within acceptable limits. At the same time, we can con-
siderably cut down the possible salt charge in a main canal.

2. Method for Making Horizontal Injection Foundations

From past records we have several examples of construction projects where
horizontal sealing layers were used successfully for the purpose of reducing
the developing water volume in the construction pit.

2.1. Met hods Known So Far

In these known practical application examples, methods for vertical in-
jection were simply used also for horizontal injection layers. Sleeve pipes
were inserted with the help of bore holes and they were surrounded by a
bracing fluid mud.

Where soil conditions permitted, sleeve pipes were also jet—ra ed in,
whereby the penetration of the injection material upward was prevented like-
wise with the help of the fluid mud . In simple cases it is also enough to
ram the injection pipes in.

2.2. Disadvantages of Known Methods

If we use the traditional methods for vertical injection layers also for
horizontal sealing foundations , then we get some decisive disadvantages.

First of all, because of the relatively expensive drilling method , we
will try to select the drill hole interval as large as can be justified in
terms of injection technique. This means that the sealing floor [foundation]
on the average will be at least as thick as the drill hole interval is
wide . Depending upon the soil permeability, 1.5—3.0 a would be generally
customary here . The practically required injection quantity then come s to
about as much as 1,200 liters per injection point . The dosing of the
reagent for the silicate mixture must then be coordinated in t erms of the
pumping t ime required. here . If we want to attain a homogeneous permeation
of the soil layer with inj~ ctinn material , then the “realization time”
(moment of tilting] may come only after the completion of injection .

Because, as we know , the quality of silicate gels depends on the quantity
of available reagent s , we thus get a qualitatively inferior injecti on body .

On the other hand , the soil should. never be considered homogeneous ;
we therefore always get certain irregularities in the theoretical spherical
shape of the injection body. We can easily see that a large interval between
the injection points involves a greater risk , apart from the measurement
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inaccuracies and the vertical deviations of the bore holes.

2.3. Vibrator Technique——A New Possibility

With the help of vibrator techniques it is now possible to work econom-
ically with a small interval between injection points , perhaps 1.0 m. Here
we get thinner but qualitatively better sealing foundations.

The new method, developed by Nederhorst Grundtechnik, consists in the
following: with the help of a vibrator , several lost injection elements are
simultaneously brought to the required depth and through those elements , the
injection material can be forced independently of the insertion process.

The quantity of injection mass to be pressed in comes to about 330 liters
per injection point , as a tunction of the pore volume , and the job can ‘be done
in about 30 minutes . In this way we can achieve a relatively short relaxa-
tion time and we can thus get a qualitatively better silicate gel by means of
heavier dosing of reagents .

3. Insertion of Lost Injection Eloments With Help of Vibrator

With the help of the vibrator technique, several auxiliary stakes can be
vibrated in, down to a depth of more than 20 a, in certain soil conditions,
and. can then be drawn.

3.1. Cranes Equipped With Vibrators (Figure 2)

The basis for the vibrator units is a medium—heavy crane of standard
design, for example, American Hoist , Model 5299, which is capable of reliably
carrying the weight of the vibrator as well as the auxiliary stakes and to
~~ve them for short distances. The vibrator is carried loose on tile tower
via a spring yoke.

The auxiliary stakes are connected with the vibrator in a force—locking
manner via a rigid. console,. The drive unit of the vibrator’s electric
motors can be used as counterweight . In keeping with the anticipated pene-
tration ~5 it stands , one can use various vibrators with changing amplitude
and frequency-.

3
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Figure 2. Vibrator Unit .

Legend : 1-—Auxiliary Stakes ; -:2—Control .
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8——Inj ection Element .



3.2. Auxiliary Stakes

The auxiliary stakes are used to vibrat e the dead injection element into
the desired depth. For effective in—vibration , the profile [section piece]
should be as rigid as possible , on the one hand; on the other hand , a large
profile increases the friction forces.

In order to put the dead injection elements down at the required depth ,
a second pipe is arranged in the auxiliary stake . With the help of this
inside pipe , we can transmit a pressure force upon the injection element via
a hydraulic press mounted. in tile console .

3.3. The Dead Inj ection Element

The injection element is nothing more than a valve which prevents the
penetration of soil particles during the “put—down” and which later on
facilitates tile pressing of injection material. At the same time it works
as dead “ranhead” for the auxiliary stakes. Because of this twin function ,
it consists of massive steel with inside ‘bore and openings to the outside
which are covered with a rubber hose. It is furthermore provided with a
simple connection possibility for the injection hose leading to the terrain
surface.

3. ).& . Insertion of Injection Element (Figur e 3)

The dead. injection elements are inserted in four phases :

Pull in—vibrat e in——put down—vibrat e out .

The injection elements are connected to a plastic hose . That hose is
first of all connected with a steel wire with whose help the elements are
drawn into the auxiliary stake , until the element closes the auxiliary
stakes off at the bottom.

Afterward, the auxiliary stakes are vibrated to the desired depth. By
activating the hydraulic presses , the injection elements are put down on the
inside pipe due to pressure. Then comes the out—vibration of the auxiliary
stakes . By means of protracted vibration over the injection element , we can
achieve a certain consolidation of the soil which prevent s a subsequent
breakout of the injection material upward.. Aft er the auxiliary stake has
been extracted , the connection between the injection hose and the steel wire
can be severed and the injection elements are ready for the pressing stage .

1~• Pressing Through Dead Inj ection Elements

After the installation of the injection elements—which are connected.
with the terrain surfac e by means of a plastic hose——the pressing phase can
be started. The mixture of the injection material, which is automatically
prepared in the injection center, is placed into the storage tank of the
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i’~jection pump. The inj ection hose , running from the injection pump , is
coupled with the plastic hose of the element and tile pressing phase can then
take place automatically.

Because the injection pump has a fixed pump output within a. certain
pressure range (for example, 10 liters per minute), it suffices , for control
purposes , to observe the developnent of the pressure phase during the actual
pressing and the course of the pressure phase is automatically recorded by
means of a pressure recorder . The initial pressure used in opening the
valves is definitely greater than the actual pressing pressure . The plastic
hoses must be properly dimen~ioned for this. In general, that pressure is
not greater than 20—30 kp/cm’, which this particular plastic material permits
quite readily. The actual injection pressure , depending upon the soil struc-
ture and the viscosity of the pressing material , is between 7 and 15 kp/cm2 ,
measured at the pump output .

5. Practical Examples

Several sealing foundations were made successfully according to this
method in recent years , whereby the surfaces of the construction pit came to
7,000 a2 while the deptlm of the injection floors were 23 a below tile working
level .

In the following we will briefly describe some projects and we will give
the most important data.

5.1 5.1. Schiphol Tunnel, Phase 1 (Figur e I~)

A tunnel had to be built under a new runway as part of a planned rail
link between Amsterdam and Schiphol Air Terminal .

The building lot was 520 a long , featuring the louvered slide [wall]
construction method , and. was, for trial purposes , built for a distance of
190 a with a permanent sealing foundation [floor].

Data: Injection depth 16.00 a below G. 0. K. [upper edge of terrain
surface?]; area of sealing foundation approximately 2 ,000 m~ ; six injection
elements installed simultaneously; number of injection point s approximately
2 ,850 .

6 



-

- \, \ Figure ~~. Cross Section , Schiphol
Tunnel , Phase 1 

Legend: 1—Louvered Wall;
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Figure 5. Cross Section, Construction Pit, Computer Center ABN, Amatelveen

Legend: 1—Louvered. Wall ; 2—Sealing Layer ; 3—Soil Improvement ; s—Inj ection
Traction Anchor.
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Figure 6. Cross Section, Construction Pit and Schiphol Tunnel, Phase II.

Legend.: 1—Steel Sheet Piling ; 2——Sealing Layer ; 3—Vibration Traction Post ;
le——Inj ection Traction Anchor .
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5.2. ABN Computer Center, Amstelveen (Figure 5)

For the up to 10 a deep construction pit at the computer center , in the
midst of a heavily built—up area , there was no technical .justification for
a standard. underground water subsidence with the underground water level right
below the terrain surface. This is why a sealing floor [foundation] was
provided next to the perpendicular construction pit limits in the form of
louvered, walls; the floor in some portions revealed a gradient of tbout 1:2.5.

Data : Maximum injection depth 23.0 a below 00K ; area of sealing founda-
tion approximately 7,100 a2 ; 8 and 6 injection elements installed. simultaneously;
number of inj ection points approximately 8,000.

5.3. Schipho l Tunnel Phase 2 (Figur e 6)

In the course of the work involved in the expansion of the terminal
building at Schiphol Airport it was necessary, in the immediate vicinity of
the airport building , to dig an 8 a deep construction pit for the t emporary
terminal of the Amsterdam—Schiphol rail line. Because of the danger of
settlement and because of salt-containing underground water , the customary
wat er drainage system was not permitted . The construction pit , which, was
limited on the side by means of sheet piling walls , was provided with a
sealing foundation on a silicate base.

Data : Injection depth 17.0 a below GOK; area of sealing foundation
3,010 a2 ; 6 and Z~ injection elements installed simultaneously; number of
injection points approximately 3,500 .

5. 14. Oldenburg Post Office

An approximately 6-a deep construction pit was to be dug for a new post
office in Oldenburg in the immediate vicinity of the railroad station and
other buildings ; this was to be done in order to give the building a flat
foundation underneath peat layers . Because of these peat layers , there is
a considerable danger of settlement for structures in the surrounding area
in case of customary water drainage . This is why a sealing foundation was
reco~~ended for this construction pit by the construction ground inspector .
In addition to this horizontal sealing foundation , the construction pit is
limited on the side by sheet piling walls .

Injection depth 12.0 a below 00K ; area of sealing foundation
3,7 5 a ; 6 injection elements installed simultaneously; number of injection
poi~~~~ p oximate1y 14,350.

Large—surface and deep construction pits , provided with sealing founda-
tions , are becoming increasingly important for economic , ‘technical, and
environmental protection reasons . — -



~In addition to the conventional technique used in making sealingfoundations——that is to say , the drilling method—the use of the vibrator
technique offers new possibilities. Thi s method makes it possible, with
greater precision, to make thinner and qualitatively better injection founda-
tions on a silicate base with operation limited in terms of time or with
permanent operation.

The average permeability values of an approximately 1.0 a ~hick injec-tion floor [foundation] is on the order of magnitude of l.O’lO to
5.O~1O~~ and they thus reduce the developing water volumes, for example ,
in an average sand layer to 1/1,000 to 1/500 of the original water volume.
This prevents settlement damage in the surrounding areas; the remaining
wat er drainage in the construction pit becomes simpler , for example , in the
form of a surfac e drainage system.

By installing up to eight dead injection elements in one work operation
lasting just a few minutes and through the consistent separation of the
insertion and the pressing process , one can obtain economical advantages
compared to the hitherto known drilling technique. - -

This technique, developed by Ned.erhorst Grundtechnik’, is economical
not only in comparison to the pre.sently known methods but also in cases
where followup damage resulting from underground water subsidence can be
avoided with the help of absorption well sYstems .~
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